Background
Within the last decade, clinical guidelines have gained more and more importance in the medical domain, as they provide an efficient means to standardize health care. As a result, the medical community has recently been confronted with numerous approaches, aiming at the automated management of clinical guidelines [e.g. Musen et al., 1996; Ohno-Machado et al., 1997] . Despite the general eagerness in this field, one aspect has been widely neglected by now: Most approaches are lacking mechanisms, which allow for the assurance of a high level of quality for their products. This situation is undesirable insofar, as reliability and quality are critical factors for the successful use of guidelines in real-world applications. In the domain of Software Engineering in general and in the domain of Knowledge-Based Systems in particular, a common strategy to enhance the quality of a system consists in its verification. Therefore, one way out of an imminent quality-crisis in the domain of clinical guidelines is the provision of an effective verification mechanism, appropriate for the analysis of clinical guidelines.
Objectives
The focus of our work is to develop an approach, which helps to contribute to the successful dissemination of clinical guidelines in patient care. We intend to reach this goal by providing a mechanism, which is able to ensure a high level of quality and reliability within clinical guidelines by applying a three-step verification process.
Material and Methods
We propose to make use of a static verification approach, which can be seen as an extension of existing work. Within our verification process, we refer to domain-specific knowledge for the identification of anomalies within a guideline's knowledge base. The required knowledge is assumed to be available in a suitable knowledge-base component. In the design of our verification method, we took into account the hierarchical organization of guidelines, which is typical for most current representation formats. As a result, we separated the process of detecting anomalies into three distinct levels according to the locality of the anomaly [Duftschmid et al., 1998 ]. As shown in Table 1 , we distinguish between anomalies within a single component, within a single guideline, and within a complete guideline-hierarchy. 
Results
We applied our method to the verification of clinical guidelines, coded in the Asbru language [Miksch et al., 1997] . In particular, we concentrated on the identification and detection of anomalies, concerning the condition and time annotation components of the Asbru language. Asbru provides a generic state-model, which defines all possible states, a guideline may pass through during its lifetime. Conditions are used to control the state transitions within this model. Based on the Asbru state-model, a set of twelve anomalies has been identified. The general purpose of time annotations is to constrain the time interval, during which a certain guideline component should be considered relevant. A set of four anomalies has been identified in the context of associating time annotations with guideline activations and conditions. The complete set of anomalies has been used to verify an exemplary guideline hierarchy for artificial ventilation of newborn infants, consisting of 19 individual Asbru guidelines.
Technical Specification
We are currently working on a Java-based prototype verifier, which is integrated into Stanford University's Protégé environment for the development of knowledge-based systems.
Conclusion
We are concerned with the successful dissemination of clinical guidelines in medical practice and intend to contribute to this goal by providing an approach for their verification. Amongst other advantages, one major benefit of our method lies in its applicability to most current guideline representation formats. This is due to the fact that it is based on a hierarchical organization of guidelines, a feature, which is named within [Ohno-Machado et al., 1997] as a prerequisite for an efficient representation and which has been adopted by most current formats.
